Biosynthesis of phycocyanobilin from exogenous labeled biliverdin in Cyanidium caldarium.
Phycocyanin is a major light-harvesting pigment in bluegreen, red, and cryptomonad algae. This pigment is composed of phycocyanobilin chromophores covalently attached to protein. Phycocyanobilin is an open-chain tetrapyrrole structurally close to biliverdin. Biliverdin is formed in animals by oxidative ring-opening of protoheme. Recent evidence indicates that protoheme is a precursor of phycocyanobilin in the unicellular rhodophyte, Cyanidium caldarium. To find out if biliverdin is an intermediate in the conversion of protoheme to phycocyanobilin, [14C]biliverdin was administered along with N-methylmesoporphyrin IX (which blocks endogenous protoheme formation) to growing cells of C. caldarium. To avoid phototoxic effects due to the porphyrin, a mutant strain was used that forms large amounts of both chlorophyll and phycocyanin in the dark. After 12 or 24 h in the dark, cells were harvested and exhaustively extracted to remove free pigments. Next, protoheme was extracted. Phycocyanobilin was then cleaved from the apoprotein by methanolysis. Protoheme and phycocyanobilin were purified by solvent partition, DEAE-Sepharose chromatography, and preparative reverse-phase high-pressure liquid chromatography. Absorption was monitored continuously and fractions were collected for radioactivity determination. Negligible amounts of label appeared in the protoheme-containing fractions. A major portion of label in the eluates of the phycocyanobilin-containing samples coincided with the absorption peak at 22 min due to phycocyanobilin. In a control experiment, [14C]biliverdin was added to the cells after incubation and just before the phycocyanobilin-apoprotein cleavage step. The major peak of label then eluted with the absorption peak at 12 min due to biliverdin, indicating that during the isolation biliverdin is not converted to compounds coeluting with phycocyanobilin. It thus appears that exogenous biliverdin can serve as a precursor to phycocyanobilin in C. caldarium, and that the route of incorporation is direct rather than by degradation and reincorporation of 14C through protoheme.